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Abstract
In this paper, a noveOī-shaped Fractal antenna is proposed for wideband applications. The proposed antenna is made of iterations 
RI D ī-shape around the base shape with 900 rotations in each step. Results show that the proposed antenna achieves a wide 
bandwidth ranging from 880 MHz to 2720 MHz (102%). The simple structure of the proposed antenna makes it appropriate for 
many wireless communications such as RFID, GPS, DCS-1800, PCS-1900, IMT-2000/UMTS, ISM (including WLAN), WiFi 
and Bluetooth. Details of the proposed antenna design are presented and discussed.
© 2013 The Authors. Published by Elsevier B.V.
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Malaysia.
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1. Introduction
Recently, wideband antennas have an increasing request with compact, low profile and inexpensive for 
ubiquitous wireless applications [1-4]. Different types of antennas have already been proposed for wideband 
applications. Compared to the 3D structured antennas, planar antennas have advantages of simple structure, low 
profile and ease of fabrication [5-9]. An antenna is considered as a wideband if its impendence and pattern does not 
change significantly over about an octave or more. Fractal geometry is one of the common methods to achieve the 
multi and wide bandwidth [10-12]. Self-similarity and space filling are two common techniques in designing of 
Fractal antennas. Self-similarity leads to multiband while the space filling cause the long electrical length [13-14].
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Many researchers in the field of Fractal antenna have tended to focus on Koch, Sierpinski and Hilbert, 
Minkowski, Cantor and Fractal tree geometry [10-21]. A log periodic Fractal Koch antenna for UHF band 
application was proposed in [15]. The Koch monopole antenna was designed by iterating the initial triangle pulse 
[16]. However both the antennas proposed in [15, 16] have large volumetric size and their radiation patterns are not 
omni-directional. Koch like sided Sierpinski Gasket multi-Fractal dipole antenna is one of the most important 
Fractal antennas based on the triangle shape and is suitable for multi-band application [17]. In [18] a novel 
proximity-coupled probe-fed stacked patch antenna was designed for GNSS applications. However, it con not be 
applied for RFID and new generation mobile communications. In [19], a planar dual Fractal antenna was presented 
for UHF RFID/GPS terminal systems. In designing of this antenna, the Sierpinski Fractal shape is perturbed and two 
iteration stages had been introduced to achieve dual band centered at 915 MHz and 1.575 GHz. For ubiquitous 
wireless environments, a multiband fractal Zigbee/WLAN antenna was proposed by Viani et al. [20]. To yield 
multiband behavior, two Fractal stages of the Sierpinski Gasket base shape had been considered. With an overall 
size of 60 mm × 80 mm, the proposed antenna achieved dual operating band centered at 898 MHz and 2.44 GHz. 
In this paper, a novel widHEDQGDQWHQQDEDVHGRQī-VKDSHZLWKHOHFWULFDOGLPHQVLRQVȜ0 îȜ0 îȜ0
ZKHUH Ȝ0 is the lower edge frequency of the operating band) is proposed. The iterations of the slot with a 
transmission line helps to achieve wide impedance bandwidth. The achieved good gain and stable radiation patterns 
makes the proposed suitable for being used in various wireless applications such as  RFID (9050-1050 MHz), ISM 
(2400-2483 MHz), Wi-Fi (2400 MHz), GPS (2400 MHz), Bluetooth (2400-2500 MHz), WLAN(2.4-2.48 GHz). 
Compared to the recently reported antennas, the proposed antenna is compact, simple and easy to fabricate due to 
low manufacturing cost.
Fig.1. Design procedure of the proposed structure geometry (a) Base Shape (b) First Shape (c) Second Shape (d) Final Shape.
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2. Antenna Design
Figure 1 shows the steps of the construction of the proposed antenna geometry. Fig. 1(a) depicts the base shape 
that EDVHGRQī-shape. In the first step, base shape is rotated by 900, 1800 and 2700 and connected with it and is 
shown in Fig 1(b). In the next step, Fig. 1(c) shows that the first shape is connected with half base shape in the 
middle of L2 side which is rotated 90
0. This method that is in each step (n is the number of steps), the base shape 
with 900 rotations is put in the middle of L2, L´2 or L´´2, … arm. This process is continued to three steps, so the final 
shape is constructed of second shape that is connected with one quarter of base shape with 900 rotations in the 
middle of L´2 side and is shown in Fig. 1(d).
The geometry of the proposed ī-shape monopole antenna is shown in Fig. 2. Final shape in Fig. 1 (d) rotated by 
450 and then fed by a microstrip line. 7KHī-shape Fractal radiating element is printed on the front side of a 1.6-mm 
thick FR4 substrate with a dielectric constant of 4.4, a loss tangent of 0.02 while a partial ground plane is etched on 
the opposite side. The antenna is fed by a 50ȍmicrostrip fed line. The overall dimension of the proposed antenna is
60 mm × 61 mm.
Fig. 2. The geometry of the proposed antenna (a) Radiating patch; (b) Ground plane.
The performance of the proposed antenna for various iterations is shown in Fig. 3(a). It is seen that the antenna 
with higher iterations performs a better bandwidth, so we continue the iterations up to the three steps to attain a
higher performance.
Fig. 3. Effect of (a) iterations and (b) ȜRQUHWXUQORVV characteristics.
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3. Results and Discussion
In the design procedure of the proposed antenna four parameters- LQFOXGLQJȜ, Lt (length of transmission line), Lg
(length of ground plane), Wf (width of the transmission line) are considered Ȝ SDUDPHWHU LV a vector parameter
consist of  W (different lengths between two rectangular in right side), L (different lengths between two rectangular 
in left side), L1 (different lengths between two rectangular in upside), W2 (different lengths between two rectangular 
in low side) and can be written DVȜ {W, W2, L, L1}.
L1- L2= L,    L´1- L´2= L´ =L/2,  L´1 =L/2,      L´´1- L´´2= L´´ =L/4,  L´´1= L1/4                                                  (1)
W1- W2= W, W´1- W´2= W´=W/2,  W´1 =W/2,    W´´1- W´´2= W´´=W/4,  W´´1=W/4                                    (2)
Lt- Lg=h                                                                                                                                                                 (3)
A parametric study is conducted to optimize the antenna parameters. All the parametric studies have been 
performed using high frequency simulation software HFSS from Ansoft.  It can help to survey the effects of the 
different parameters on the impedance bandwidth. The variations of the return loss with Ȝ parameter are shown in 
Fig. 3(b). It is observed that decreasing and increasing of Ȝ from certain value lead to decrease in the bandwidth. Ȝ
can maintain the good impedance bandwidth with better UHWXUQ ORVV YDOXHV 7KHUHIRUH ȜZLWK D JRRG LPSHGDQFH
matching can be taken for optimizing.
Table 1. VDULDWLRQVYDOXHVIRUDOOȜSDUDPHWHUV
Figure 4 shows the variation of the return loss with the width of the transmission line, Wf. It is seen that 
decreasing and increasing of the Wf leads to decrease in the impedance bandwidth. A width of 2 mm is chosen for 
optimized one that can give better impedance bandwidth with good return loss.
              Fig. 4. Effect of Wf on return loss characteristics.                                             Fig. 5. Effect of h on return loss characteristics.
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The variation of return loss with h, vertical gap between the ground plane and the radiating element is shown in 
Fig. 5. It can be observed that increasing and decreasing of h from the certain value according to the equation (2) 
leads to bandwidth decrement. A value 20 mm for h parameter can maintain the good impedance bandwidth with 
better return loss values.
Table 2.  Optimized parameters of the proposed antenna
Value(mm)ParameterValue(mm)ParameterValue (mm)Parameter
3.452W6.854W240Lt
3.452L24.72Lg
13.608L12Wt
The performances and characteristics of the proposed antenna have been simulated by high frequency simulation 
software HFSS. The optimized dimensions of the proposed antenna are tabulated in Table 2. The return losses and 
VSWR of the proposed antenna are depicted in Fig. 6. It is observed that the designed antenna achieved an 
impedance bandwidth ranging from 880 MHz to 2720 MHz (102%). This achieved bandwidth is entirely covered
the required band for RFID (905-1050 MHz), ISM (2400-2483 MHz), WiFi (2400 MHz), GPS (2400 MHz), 
Bluetooth (2400-2500 MHz) and WLAN (2.4-2.48 GHz) applications.
                  
Fig. 6. Return loss and VSWR of the proposed antenna.                                  Fig. 7. Peak gain of the proposed antenna.
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Fig. 8. Radiation patterns at (a) at 2.39 GHz and (b) 2.63 GHz [Solid line: Co-polarized field, Crossed line: Cross-polarized field].
The peak gain of the proposed antenna is depicted in Fig. 7. As seen from the plot the antenna achieved a good 
gain. The 2D radiation patterns of the proposed antenna at 2.39 GHz and 2.63 GHz are depicted in Fig. 8. It is seen 
in the plot that at both the frequencies, the E-plane patterns are almost omnidirectional with low cross polarization. 
In both frequencies the values of cross-polarized field almost 25dB less than co-polarized one. The co-polarized 
field patterns of H-plane in both frequencies are omnidirectional with relatively higher cross-polarized filed. 
However, in both the frequencies, the proposed antenna exhibits a stable radiation pattern which is necessary for 
many wireless applications.
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4. Conclusion
$ QRYHO ZLGHEDQG ī-shape Fractal antenna has been proposed for wideband communication applications. A 
design evolution and a parametric study of the proposed antenna are presented to provide information for designing, 
optimizing and to understand the fundamental operation and radiation mechanism of the proposed antenna. The 
design of the proposed antenna is simple, ease to fabricate, and very suitable to integrate into microwave circuitry 
for low manufacturing cost. It is observed from the results that the proposed antenna with an impedance of 880 MHz 
to 2720 MHz is suitable for many wireless communications such as RFID, GPS, DCS-1800, PCS-1900, IMT-
2000/UMTS, ISM (including WLAN), WiFi and Bluetooth. 
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